Introduction
The Japanese automobile industry is urgently seeking ways to reduce development and design periods and achieve improvement of Quality, Cost, and Delivery (QCD) at the same time. [1, 2] In order to realize them, Computer Aided Engineering (CAE) plays an important role. [3] However, in the design of parts such as oil seals, quality improvement is slow in relation to the reduction of development periods. One of the reasons is believed to be that mechanisms of parts were not incorporated into CAE [4, 5] .
In this research we applied "technical element model for high reliable CAE analysis" to understand the relationship of each technical elements. It is constructed with "Problem" and "Numerical Expression", "CADdata", "Algorithm", "Interpretation". We tried to find a main cause of oil leaking by an affinity diagram. Then we applied the basic sliding surface structural model [6, 7] to the CAD-data. For this we used a concept of oil film formed between oil seal and shaft [8] [9] [10] . Finally we simulated the sealing performance of oil seal by using Finite Element Method (FEM) as an algorithm.
II. CAE Analysis Model for Oil Seal

Understanding oil leaking phenomena
When examining the oil seal leak problem, the cause-and-effect relationships of the factors must be grasped by referring to an affinity diagram, as shown in Fig. 1 . In our research, we found six categories: pumping function, foreign matter, usage environment, wear, shaft, and installation/custody. We grouped the abovementioned six items into "oil seal design stage" and "oil seal usage stage."
The design stage group included pumping function, foreign matter and wear. Pumping function retains lubricating oil by means of the suction phenomenon resulting from the surface irregularities on the sliding contact of the oil seal as shown in Fg.2 [6] . If foreign matter enters and adheres to the area between the oil seal and shaft, cavitation occur in the oil film formed between oil seal and shaft, and this causes scratches on the seal lip [9] . For the research on pumping function and foreign matter, numerical simulation is presently utilized [8] . However, there has been no simulation for the examination of wear. In light of this, we conducted research on the effect of wear on the sealing performance.
Studying numerical expressions of oil leak factors
In order to simulate the effect of wear on the sealing performance, it is necessary to examine how to express wear numerically. Thus, we decided to adopt the Basic Sliding Surface Structural Model [6] . The Basic Sliding Surface Structural Model approximates the microscopic roughness of sliding surface.
(Rate of contact) = (Contact area) / (Sliding surface) = (Shaded area) / (a*b)
(
By understanding those oil flows, it is possible to evaluate the sealing performance. If the amount of oil flow to the oil side is greater than that of into the atmosphere, the oil seal is providing sufficient sealing performance [6] . The Basic Sliding Surface Structural Model can be expressed with two parameters as shown in formulae (1), (2) [6] . Rate of contact is rate of actual contact between oil seal and shaft. Contact deviation is the degree how the center of gravity of the contact surface toward the oil side deviate. To incorporate this model, oil film formed between oil seal and shaft is desirable to be selected as the analysis model (CAD-data) [8] . There are two reasons for this. One is the shape of oil film is affected by the sliding surface condition, and oil leaks from the space between oil seal and shaft.
CAE Analysis Model for Oil Seal
As shown in Fig 3, we defined details of our examination of sealing performance analysis by applying CAE analysis model. We correlated Problem, Numerical Expressions, CAD-data, Algorithm and Interpretation so that we could produce successful analysis results. Based on the affinity diagram shown in Section 3.2, we found that wear is one of the major effects of oil leak. So we set the effect of wear on oil leaks as (i) Problem. Then we used the Basic Sliding Surface Structural Model explained [6] in Section 3.3 as (ii) Numerical expressions to express the problem numerically. In order to reflect the Numerical Expression we designed the oil film between oil seal and shaft as (iii) CAD-data [8] . As (iv) Algorithm we adopted Finite Element Method (FEM). FEM imposes no restriction on the shape of the computational region [4] . Since the oil film model has complicated shape, FEM is suitable for use in this research.
Then we have to consider how to evaluate the sealing performance. There is oil flowing to inside (inlet) and outside (outlet) [6] . It is known that if inlet minus outlet is greater than zero, sealing performance is successful [6, 8] . Therefore, when the inlet was larger than outlet, we determined that the oil seal offers sufficient sealing performance. We configured an oil seal simulator using the abovementioned elements. Successful analysis results depend on the relevance of technical elements.
III. Simulating Sealing Performance
We incorporated the expression method discussed in Section 2 into the simulation model, and loaded it into the fluid analysis software.
Three patterns subject to analysis
We conducted simulation of three different patterns of the sliding surface condition as shown in Table  1 [6] . In Pattern 1, the rate of contact between the oil seal and shaft was 2%, and the contact deviation was 0.14. In Pattern 2, the rate of contact was 47%, and the contact deviation was 0.05. In Pattern 3, the rate of contact was 4%, and the contact deviation was -0.21. Fig 4 shows the contour diagrams of the oil flow on the atmosphere-side. A contour diagram indicates the size distribution of output values using color. In a contour diagram, the larger the value is, the closer the indicated color is toward the red end of the color spectrum. The smaller the value is, the closer the indicated color is toward the blue end of the color spectrum. We compared the total amount of outflow oil on the atmosphere side and the total amount of inflow oil on the oil side.
If the value obtained by subtracting the total amount of outflow oil on the atmosphere side from the total amount of inflow oil is greater than zero, the sliding surface can be said to provide sufficient sealing performance. We used the computation function of ANSYS CFX to calculate the total amount of oil that flows across the plane surface, and then output the abovementioned values. The following shows the result of calculation for Pattern 1 (Unit: 10 -5 [mm A R = (Total amount of inflow) -(Total amaount of outflow) = 5.420-5.087=3.33>0 (3) The above calculation result indicates that the oil seal has sufficient sealing performance. The numerical analysis explained above was also conducted for the other two patterns. The next step is verification.
Verification
As shown in Fig. 5 and Table 3 , we compared the analysis results with the real machine test. This comparison result verified that the simulation was capable of reproducing sealing performance. "Wear" was expressed as expansion of the real contact region. The review of research results indicated that oil leaks could occur when the contact region became 10% of the entire sliding surface. Furthermore, close examination of the analysis results revealed that there was a difference in oil flow condition on the atmosphere side between Pattern 1, in which sealing performance was confirmed, and Pattern 2 and Pattern 3, in which oil leaks occurred. In the patterns in which oil leaks occurred, the conditions of oil inflow and outflow were clear. In those cases, there was evidence of a suction-induced flow immediately next to the leaking location. We believe that this phenomenon was attributable to the shift of the oil inflow-outflow balance toward the atmosphere side. 
IV. Conclusion
Today CAE plays an important role as a tool for simultaneous achievement of QCD. It can be said in the case of oil seal. In this research, we tried to find a main cause of oil leaking by an affinity diagram. Then we applied the basic sliding surface structural model to the CAD-data. For this we used a concept of oil film formed between oil seal and shaft. Finally we simulated the sealing performance of oil seal by using FEM as an algorithm. In the future studies we hope to simulate oil seal's deterioration of time.
